Compounds based on the Fe2P structure have continued to attract interest because of the interplay between itinerant and localized magnetism in a non--centrosymmetric crystal structure, and because of the recent developments of these materials for magnetocaloric applications. Here we report the growth and characterization of mm size single crystals of FeMnP0.8Si0.2. Single crystal x--ray diffraction, magnetization, resistivity, Hall and heat capacity data are reported. Surprisingly, the crystals exhibit itinerant antiferromagnetic order below 158 K with no hint of ferromagnetic behavior in the magnetization curves and with the spins ordered primarily in the ab plane. The room temperature resistivity is close to the Ioffe--Regel limit for a metal. Single crystal x--ray diffraction indicates a strong preference for Mn to occupy the larger pyramidal 3g site. The cation site preference in the as--grown crystals and the antiferromagnetism are not changed after high temperature anneals and a rapid quench to room temperature.
investigated for over forty years [1] [2] [3] [4] [5] [6] [7] and are intriguing because the observed behaviors have been described by the itinerant magnetism model of Moriya. 8 The Fe2P structure ( 62 P m) has two distinct metal sites, FeI and FeII. The smaller tetrahedral FeI site (3f) has 4 P neighbors and the larger pyramidal FeII site (3g) is coordinated by 5 P atoms. The pure compound exhibits a first order ferromagnetic transition below 210 K with magnetic moments on the FeI and FeII sites of 0.92 and 1.70 µB, respectively. 9 The magnetism of Fe2P is extremely sensitive to pressure 10 and small concentrations of chemical dopants such as Mn, Si and B 3, 11, 12 can completely suppress ferromagnetism 3, 10 or even triple the Curie temperature! 11, 12 The large difference between the two iron moments in Fe2P suggests a mixture of itinerant and more localized magnetism, which is even more evident in Mn doped alloys. 13 The recent interest in these compounds arises from two directions. First, the Fe2P crystal structure lacks inversion symmetry and hence these materials may exhibit complex canted spin structures and spin vortices such as "skyrmions" 14 that
can be manipulated with a magnetic field or an electrical current. 15 The complex spin structures are due to the effects of spin--orbit coupling as parameterized by the Dzyaloshinskii--Moriya (DM) interaction, 16, 17 which is finite in non--centrosymmetric crystal structures. Second, various alloy compositions (Fe,Mn)2(P,As,Si,B) with the Fe2P structure show great promise as magnetocaloric materials for refrigeration. 13, [18] [19] [20] Because of the extreme sensitivity of these materials to relatively small changes in composition and the difficultly in preparing single--phase polycrystalline samples, the reported properties of many of these materials vary significantly due to the presence of up to 15% of impurity phases. 21 While some of these polycrystalline materials may be suitable for magnetocaloric applications, obtaining a fundamental microscopic understanding of the magnetism and the magneto--elastic coupling becomes difficult without high purity single crystal samples. This provided the motivation for the present study. Although there have been a few single crystal investigations of the Fe2P type materials, [1] [2] [3] 6 to our knowledge we have prepared the first single crystals with compositions similar to those proposed for magnetocaloric applications. 13, 20 (Fig. 1c) . These larger crystals frequently have Sn inclusions and sometimes a Sn core running along the length of the crystal which had to be ground away before measurements. This is extremely important for electrical measurements because of the high electrical conductivity of Sn relative to FeMnP0.8Si0.2 and the giant magnetoresistance of Sn at low temperatures. 24 For the resistivity and Hall measurements, the crystals are polished to a 45 micron thick plate. Electrical leads are attached to the crystals using 0.05 mm Pt wires and Epo--Tek H20E silver epoxy. The Hall data are taken using the standard four point geometry 25 
II. SYNTHESIS AND EXPERIMENTAL METHODS

III. RESULTS AND DISCUSSION
The structure of FeMnP0.8Si0.2 is shown is figure 1, along with a photograph of a crystal. From the single crystal structure refinement, the R1 factors are smallest with Mn fully occupying the larger pyramidal 3g site and Fe the tetrahedral 3f site.
The refinements are either unstable or yield an increase in the R1 factor if the metal sites are switched or randomized. No site preference for Si and P are evident in the refinements using the same technique. If the Mn and Fe sites are completely ordered, as indicated by the aforementioned results, the structure can be regarded as layered with alternating Mn and Fe layers stacked along the c axis (Fig. 1 b) . The structure is refined above (220 K) and below (110 K) the antiferromagnet transition temperature TN = 158 K (Tables 1 and 2 ). For these crystals there is no significant change in the lattice parameters or the volume upon cooling or warming through the magnetic transition, unlike pure Fe2P 1 and many of the similar ferromagnetic magnetocaloric compositions (e.g. FeMnP0.67Si0.33) 26 .
The magnetic properties of the crystals are shown in Figs. 2--4 . The susceptibility data, taken with an applied field of 1 Tesla (Fig. 2) , indicates a magnetic transition at TN ≈ 158 K. Heating or cooling through the magnetic transition at 2 K/min, results in about 1 K of hysteresis, which is small relative to many of the ferromagnetic compositions. 1, 13, 19, 20 The magnetization curves (M vs. H) are linear at all temperatures (Fig 3) with no evidence of a ferromagnetic intercept. Taken together Qualitatively similar results were obtained for Fe2P crystals. 6 For Fe2P, neutron scattering data indicated substantial short--range order up to T=3Tc ≈ 654 K. Only above 700 K was Curie--Weiss behavior recovered. 6 Recent studies of polycrystalline samples with a nominal composition of This magnetic structure is consistent with our single crystal magnetic susceptibility data ( Fig. 2) and the heat capacity data as discussed below.
Motivated by the very recent polycrystalline studies [28] [29] [30] the Hall data below TN is that it is related to the Anomalous Hall Effect (AHE) often seen in ferromagnets. 34 The increase in napp below TN looks roughly like the temperature dependence of the local staggered magnetization in an antiferromagnet, but further research is needed to test this hypothesis. The transverse magnetoresistance is small at all temperatures (≈ 0.04% at 6T), but is negative above TN and positive below (not shown). A positive magnetoresistance is normal for a metal, and the negative magnetoresistance above TN is normally associated with the proximity to ferromagnetism 35 . For FeMnP0.8Si0.2, the change in sign of the magnetoresistance at TN is at least an indicator of a change in the electronic structure at TN.
As noted above, a room temperature resistivity of 250 µΩ cm is large for a metallic system, and may be close to the Ioffe--Regel limit, ρsat, where the mean free path of the carriers approaches the interatomic distance, a. 36 A simple model was proposed by Gurvitch 36 for ρsat= 1.29x10 18 /n 2/3 a µΩ--cm, where n is the carrier concentration per cm 3 , and the interatomic distance, a, is in Å. At room temperature using a value of a = 3 Å this gives a value of ρsat of 490 µΩ--cm for FeMnP0.8Si0.2, which is within a factor of 2 of the measured value at room temperature. The tendency of the resistivity to saturate at higher temperatures may reflect an approach to the Ioffe--Regel limit. We note that the data previously reported for the high temperature resistivity of Fe2P single crystals shows very little temperature dependence above 300 K. 1
IV. SUMMARY AND CONCLUSIONS
In summary, mm--sized single crystals of FeMnP0.8Si0.2 are grown from a Sn flux. To our knowledge these are the first sizable single crystals grown with compositions close to those proposed for magnetocaloric applications. 20 The crystals are characterized with a variety of techniques including single crystal X--ray diffraction, magnetization, magnetic susceptibility, heat capacity, Hall and resistivity. Single crystal X--ray diffraction indicates a strong preference for Mn to occupy the larger pyramidal 3g site in the Fe2P structure. Surprisingly, the crystals are antiferromagnetic below TN≈158 K with the spins oriented primarily in the ab plane.
Unlike many of the ferromagnetic magnetocaloric compositions 20 , the antiferromagnetic transition is very weakly first order with only about 1 K hysteresis with heating and cooling rates of 2 K/min. From heat capacity data, the change in magnetic entropy near TN is rather small (about 3% of Rln2), which suggests that the magnetic transition is of an itinerant SDW type. This is supported also by very recent powder neutron diffraction from an impure polycrystalline sample with a significant fraction of this antiferromagnetic phase. The antiferromagnetic phase was found to be incommensurate with a wave vector qx = 0.361. 30 Single crystal magnetic susceptibility data above room temperature also suggests significant magnetic short range order similar to what is observed in pure Fe2P. 6 Based on Hall data above TN, the magnitude of the resistivity of FeMnP0.8Si0.2
(and likely that of Fe2P) approaches the Ioffe--Regel limit for a metal. Below TN, the increase in the apparent carrier concentration may be related to an anomalous Hall effect 37 . Figure 
